Geriatric patients have high mortality for dengue fever (DF); however, there is no adequate method to predict mortality in geriatric patients. Therefore, we conducted this study to develop a tool in an attempt to address this issue.
Introduction
Dengue fever (DF) is one of the prevalent arthropod-borne infections worldwide, especially in the tropics and subtropics, affecting 50 to 100 million people annually. [1] [2] [3] The prevalence of DF has increased 5-fold on average in the past 20 years, which resulted in an increased demand for and consumption of medical resources. [4] The majority of DF patients present subclinical or self-limiting symptoms; however, some patients, especially the elderly, may develop serious complications such as coagulopathy, plasma leakage syndrome, and even death. [5] The reasons for the higher severity of DF in geriatric patients than in younger population include the high number of both comorbidities and hospital-acquired infections. [6] The proportion of geriatric population (aged ≥65 years) is estimated to be rapidly increasing, from 6.2% of the world population in 1992 to 20% by 2050. Hence, DF in the geriatric patients becomes a very important issue, especially in an outbreak with limited medical resources and time. There is an expected age-related mortality in DF. [6] Although there are some studies reporting geriatric DF, the prediction of mortality in this population is still unclear. The World Health Organization (WHO) proposes 3 decision groups to help case management; however, the primary setting is not for the geriatric patients and the criteria for warning signs and severe dengue are not precise, which may limit the clinical use. [5] In 2015, there was a DF outbreak in Taiwan, which resulted in a significant number of geriatric patients infected with DF and related mortality. Therefore, we conducted this retrospective hospital-based case-control study to intend to develop a new, simple, and practical method for predicting mortality in geriatric DF patients.
Methods

Study design and setting
Chi-Mei Medical Center (CMMC) is a 1276-bed tertiary medical center that provides emergency care to approximately 145,000 patients, outpatient clinical service to 1,600,000 patients, and admission service to 370,000 patients annually in southern Taiwan. [7] In the DF outbreak in 2015, CMMC became the major care facility, especially for the severe cases in the endemic area. We retrospectively collected the medical records of all the geriatric patients (aged ≥65 years) with DF who visited CMMC between September 1, 2015, and December 31, 2015, for this study (Fig. 1) . DF was defined in accordance with the criteria including laboratory-documented DF (i.e., nonstructural protein 1, immunoglobulin M, and immunoglobulin G), residents in dengueepidemic areas or had been to the place, and fever and 2 of the following symptoms: rash, nausea or vomiting, aches and pains, positive tourniquet test, leukopenia, and any warning sign. [5] Three trained registered nurses reviewed the medical records of the recruited patients. Consensus was made after consultation with the corresponding authors (CCH and HJL) in case of any question about the records. We included the following variables: age, sex, body mass index, vital signs, symptoms and signs, laboratory data, comorbidities, living status, decision group, and 30-day mortality. Patients with incomplete records about basic demographic data or outcome or treated in another hospital were excluded. The recruited patients were divided into the case (with mortality) and control (without mortality) groups for comparison.
Definitions of the variables and outcome measurement
We classified age into 3 subgroups as follows: young elderly (65-74 years), moderately elderly (75-84 years), and old elderly (≥85 years). [8, 9] We defined categorical variables as follows: severe coma: Glasgow Coma Scale 8, [10] hypotension: systolic blood pressure <90 mm Hg, [11] tachycardia: heart rate >100/ min, [12] bedridden: Eastern Cooperative Oncology Group (ECOG) score of 4 that included completely disabled, totally restrained in the bed or chair, and disabled to perform self-care activities, [13] anemia: hemoglobin <10 g/dL, [12] severe hepatitis: aspartate aminotransferase (AST) >1000 U/L, [14] and renal failure: serum creatinine >2 mg/dL. [11] Based on the WHO guideline for the severity of DF in 2012, we also divided the patients into decision groups A, B, and C. [5] We used 30-day mortality as the outcome measurement. [8, 9, 12] 
Ethics statement
This study was approved by the Institutional Review Board at CMMC. Because this study was a retrospective observational study, informed consent from the patients was waived and the welfare of the patients was not affected.
Statistical analysis
We used data from Taiwan Centers for Disease Control (CDC) that reported 43,784 DF cases and 214 fatalities during the DF outbreak in 2015 [15] to calculate the power for this study. The power was calculated as >0.999 using G * power 3.1.9.2 for analysis. Independent sample t test or Mann-Whitney-Wilcoxon test for continuous variables and Pearson chi-square test or Fisher exact test for categorical variables were used to analyze the differences among the variables between the 2 groups. We included the variables with P < .1 by univariate analysis into multivariate logistic regression analysis to identify the independent mortality predictors, which were further combined together to predict the mortality. Bootstrapping method was used to evaluate the stability of the predictors. [9] We generated 1000 hypothetical study populations by using random sampling from actual study patients. [9] Coefficient point estimates with the reduced model for each hypothetical study population were estimated. [9] HosmerLemeshow goodness of fit test was used to test the fit of the independent mortality predictors. We used a subset of patients (i.e., comorbidity of hypertension) to validate the independent mortality predictors. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for different combinations of independent mortality predictors are reported. We used SPSS version 20.0 to perform all the statistical analyses. The significance level was set at 0.05 (2 tails). 
Results
In total, there were 627 patients recruited into this study, of which 27 patients (4.3%) had mortality ( (Tables 1-3, Tables 1, 2 , and 3). The mortality rates in the 3 decision groups A, B, and C were 0%, 0.3%, and 48%, respectively. We selected the variables with P < .1 and clinical significance in the univariate analysis for multivariate logistic regression analysis to investigate the independent mortality predictors. The selected variables were old elderly, severe coma, hypotension, diabetes mellitus, bedridden, WBC, anemia, severe hepatitis, hs-CRP, and renal failure. The multivariate logistic regression analysis revealed the following 4 independent mortality predictors: severe coma [adjusted odds ratio (AOR): 11.36; 95% confidence interval (CI): 1.89-68.19], bedridden (AOR: 10.46; 95% CI:
1.58-69.16), severe hepatitis (AOR: 96.08; 95% CI: 14.11-654.39), and renal failure (AOR: 6.03; 95% CI: 1.50-24.246) ( Table 4) . Bootstrapping methods also showed significant in the 4 independent mortality predictors (all P < .05). Hosmer-Lemeshow goodness of fit test showed a good fit in the 4 independent mortality predictors (all P > .1). The 4 independent mortality predictors remained significant in the geriatric DF patients with hypertension.
Furthermore, we combined the 4 independent mortality predictors to predict the mortality. The sensitivity, specificity, PPV, and NPV for patients with one of more predictors were 70.37%, 88.17%, 21.11%, and 98.51%, respectively (Table 5) , and for patients with two or more predictors, the respective values were 33.33%, 99.44%, 57.14%, and 98.51%. Because there were no patients with 3 or more predictors, we could not evaluate their performance.
Discussion
The mortality rate of 4.3% observed among the geriatric DF patients in this study was higher than that in the general population (0.5%) reported by Taiwan CDC. [15] The mortality rate showed an increasing trend when we compared among the 3 age subgroups. Because of the differences in severity, distribution of patients, and definition of DF, a difference in the reported mortality among the studies about geriatric DF has been reported in the literature. A study in another tertiary medical center in Taiwan reported that geriatric DF patients had a 7.6% mortality rate, which was significantly higher than that in nongeriatric Data are expressed as n (%) or mean ± standard deviation. BMI = body mass index, BT = body temperature, DF = dengue fever, GCS = Glasgow Coma Scale, GI = gastrointestinal, HR = heart rate, SBP = systolic blood pressure, . * Not every patient had all the data. † Comparison between patients with and without mortality. ‡ Bleeding included gum bleeding, epistaxis, vaginal bleeding, hematuria, GI bleeding, and hemoptysis.
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www.md-journal.com patients (0.8%, P = .006). [16] Another study in Puerto Rico reported 0.9% mortality rate in geriatric patients (aged >65 years), which was significantly higher than 0.1% in the youth (aged 2-18 years). [17] Despite the difference, several studies have proved that older age is a risk factor for mortality after infection due to the decline of physiologic functions and increased comorbidities. [16, [18] [19] [20] Severe coma predicted mortality in geriatric DF patients. Altered mental status including lethargy and restlessness is one of the warning signs of DF, suggesting a more serious infection.
[5] Table 3 Comparison of laboratory data and decision groups in all the geriatric DF patients * .
Variable
All n = 627 (100%) With mortality n = 27 (4.3%) Without mortality n = 600 (95.7%) P † Data are expressed as n (%) or mean ± SD. ALT = alanine aminotransferase, aPTT = activated partial thromboplastin time, AST = aspartate aminotransferase, DF = dengue fever, hs-CRP = high-sensitivity C-reactive protein, PT = prothrombin time, WBC = white blood cell count. *
Not every patient had all the data. † Comparison between patients with and without mortality. Table 2 Comparison of comorbidities and living status in all the geriatric DF patients * .
All n = 627 (100%) With mortality n = 27 (4.3%) Without mortality n = 600 (95.7%) Data are expressed as n (%) or mean ± SD. DF = dengue fever. * Not every patient had all the data. † Comparison between patients with and without mortality.
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However, altered mental status is difficult to define, and therefore severe coma that we used in the present study becomes a more practical variable in clinical practice, especially in an outbreak with limited time for healthcare providers. Severe coma has been recognized as a predictor for poor prognosis in geriatric medicine. For example, a study on geriatric fever in the emergency department reported that severe coma predicts mortality. [9] There was a 10-fold risk for mortality in geriatric patients with severe coma compared to geriatric patients without severe coma. [9] Another study reported that severe coma predicted mortality in patients with hyperglycemic crisis. [12] The odds ratio for mortality between patients with and without severe coma was 6.6 (95% CI: 1.8-24.0). [12] Bedridden, defined as an ECOG score of 4, [13] was an independent mortality predictor in this study. Another common tool for evaluating performance status is the Karnofsky scale [21] ; however, it is more complex and unpractical to perform for patients with suspected DF in the emergency department or outpatient clinic than the ECOG score. Bedridden are the most severe form of functional decline and a component of frailty. [22] Several studies have reported that frailty predicts morality in the elderly, including the surgical outcome, [23] [24] [25] [26] and therefore identification and treatment of the frail elderly becomes a very important issue in the aging society. [26] Severe hepatitis showed the highest risk for mortality, with an AOR of 96.08 in this study. Hepatic injury is not uncommon in patients with DF as a result of the virus directly attacking the liver cells or due to virus-related unregulated host immune change. [27] We defined severe hepatitis as AST >1000 U/L because the WHO 2009 dengue guidelines defined it as a criterion for severe dengue. [14] A study on DF reported that 95% of the inpatients had elevated AST (median of 174 IU/L; interquartile range: 87-371.5 IU/L) and 86% had elevated glutamic pyruvic transaminase (median of 88.50 IU/L; IQR: 43.25-188 IU/L). [28] In addition, AST > 300 IU/L in DF patients was associated with prolonged length of hospitalization and higher mortality rate. [28] Chronic kidney disease is associated with all-cause mortality. [29] In this study, we defined "renal failure" as serum creatinine >2 mg/dL and found that it predicted mortality in geriatric DF patients. We did not classify renal failure into acute or chronic because most patients did not have previous data to be compared with. Although this limitation existed, the result in this study was compatible with previous studies that renal failure whether acute or chronic is associated with mortality in DF. [5, 16, 29] Hypotension, plasma leakage, aging-adherent renal alternation, and bacteremia were predicted to be the causes of acute renal failure in geriatric DF patients. [16, 30] With increasing age, various glomerular and tubule-interstitial diseases could be commonly observed in the elderly, and aged arterial and arteriolar renal disease has been found susceptible to insults. [16] Although this study has the strength of providing a new method to predict mortality and help decision making in geriatric DF, there are some limitations. First, the data were collected from 1 medical center and several cases were more severe than patients in other hospitals because CMMC is a tertiary medical center responsible for the critical cases in the endemic area, which might not reflect the general picture for all the geriatric patients. The interpretation in this study may not be suitable for the patients in the primary or secondary care facilities. Second, some data were not complete because of the retrospective design of this study. Third, this result may not be generalized to other hospitals or nations and further studies are warranted to validate it in the future.
Conclusions
This study showed that the mortality rate in geriatric DF patients was 4.3%. The following 4 independent predictors were identified that help us predict the mortality: severe coma, bedridden, severe hepatitis (AST >1000 U/L), and renal failure (serum creatinine >2 mg/dL). Among the geriatric DF patients with none of the predictors, the survival rate was 98.51%, whereas it was 57.14% among those with 2 or more predictors. This new method is simple and practical and may help healthcare providers to make decision, especially in an outbreak. Adjusted for old elderly, severe coma, hypotension, diabetes mellitus, bedridden, WBC, anemia, severe hepatitis, hs-CRP, and renal failure when appropriate. AOR = adjusted odds ratio, AST = aspartate aminotransferase, CI = confidence interval, DF = dengue fever, GCS = Glasgow Coma Scale, hs-CRP = high-sensitivity C-reactive protein, OR = odds ratio, WBC = white blood cell. Table 5 Sensitivity, specificity, PPV, and NPV for mortality in geriatric DF patients.
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